The carbohydrate specificity of three novel lectins, Boletopsis leucomelas lectin (BLL), Aralia cordate lectin (ACL), and Wasabia japonica lectin (WJL), was examined by frontal affinity chromatography using a panel of fluorescently labeled 47 oligosaccharides. The results indicate that BLL recognizes an agalacto structure of the biantennary chain and its bisecting structure. ACL showed strong affinity for triantennary oligosaccharides, but no affinity for tetraantennary structure. WJL showed no appreciable affinity for any of the 47 glycans examined. These lectins with a unique affinity specificity might be useful for examining alterations in the glycan structures of the glycoconjugates in association with development and various diseases.
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Lectins are proteins or glycoproteins of non-immune origin with specific binding affinity for the carbohydrate moiety of glycoconjugates.
1,2) They show various biological activities, including cell agglutination, mitosis, toxicity, and cell growth inhibition, and their versatility as research tools have been well-documented.
3)
Recently, we isolated three novel lectins: Boletopsis leucomelas lectin (BLL) 4) from the edible mushroom kurokawa, Aralia cordate lectin (ACL) from udo, and Wasabia japonica lectin (WJL) from wasabi.
5) BLL is a single polypeptide of 15 kDa without subunits linked by a disulfide bond. Its N-terminal is blocked and the amino acid sequence of the 13-kDa polypeptide generated by the cyanogen bromide digestion is GGSGTSGTIR-. The sequence is identical to that from the 46th to 55th except for the 54th leucine residue of Agaricus bisporus agglutinin, suggesting a high degree of homology. 4) ACL is a 200-kDa protein with three subunits linked by disulfide bonds. Its N-terminal sequence is ANYPTVSKTIDGNG-, which has no homology with any protein reported so far. WJL is a single 29-kDa protein, and its N-terminal sequence is ETYVLY-KERPSXKIVTITSF-, which has no homology with any protein reported. 5) As for biological activity, apoptosis-inducing activity has been found in BLL, but not in the two others. 4, 6) ACL has stimulatory activity for IL-8 production in human colon carcinoma Caco 2 cells, but WJL does not. 6) Hence these three lectins are considered to be quite different from each other. The carbohydrate specificities of these lectins might explain the differences in their biological activities, but they are poorly understood. In the present paper, we describe carbohydrate specificity of these lectins as determined by frontal affinity chromatography (FAC). 7) ACL and WJL were prepared by methods including affinity chromatography using porcine plasma glycoproteins immobilized on agarose gels, as described previously.
5) BLL was isolated by a similar method using 0.25 M N-acetyl-D-glucosamine as an eluant (data not shown). The N-terminal amino acid sequence of a 13-kDa peptide derived from the product by cyanogen bromide treatment was determined to be GGSGTSGTIR-. This sequence is in accordance with that reported originally for BLL prepared by affinity chromatography with N,N 0 -diacetylchitobiose-conjugated agarose, 4) indicating that BLL can be isolated by affinity chromatography with porcine plasma proteins immobilized on agarose.
The affinity of these lectins with oligosaccharides was examined by FAC, as described previously. 7, 8) Briefly, y To whom correspondence should be addressed. Tel: +81-54-264-5531; Fax: +81-54-264-5530; E-mail: isemura@u-shizuoka-ken.ac.jp Abbreviations: ACL, Aralia cordate lectin; BLL, Boletopsis leucomelas lectin; FAC, frontal affinity chromatography; WJL, Wasabia japonica lectin individual lectins immobilized on agarose were packed to prepare a gel bed of 31.4 ml in an automated machine for FAC. 8) The pyridylamino derivatives of 47 oligosaccharides ( Fig. 1 ) at 5 nM were individually applied to the column. Elution of each oligosaccharide was performed with 10 mM Tris-HCL buffer (pH 7.4) containing 0.8% NaCl, and monitored by fluorescence using excitation at 310 nm and emission at 380 nm. Affinity was evaluated by a retardation volume Vr, defined by V-V 0 , where V is an elution volume of a ligand and V 0 is that of a compound without affinity, and Ka was calculated using various ligand concentrations. In this study, we used pyridylaminolactose for determination of V 0 .
The results using an immobilized BLL column indicated that BLL bound specifically to 2 out of 47 oligosaccharides examined (Fig. 2) . There was no significant affinity between BLL and the other 45 glycans listed in Fig. 1 . The carbohydrate structures with affinity for BLL were GlcNAc1-2Man1-3(GlcNAc1-2Man1-6)Man1-4GlcNAc1-4GlcNAc (glycan no. 5), an agalacto structure of the biantennary chain of Nlinked complex type-oligosaccharides, and that with a bisecting GlcNAc residue (no. 6). The Vr values for glycans no. 5 and no. 6 were 57.9 and 39.0 ml respectively (Fig. 2) , and the Ka values were calculated to be 10:2 Â 10 À4 M À1 and 4:5 Â 10 À4 M À1 respectively. Thus BLL has affinity for the biantennary structure with terminal GlcNAc residues, and galactosylation of these residues resulted in complete loss of affinity, as evidenced in the case of oligosaccharide no. 7. This finding might be compatible with the fact that BLL was eluted with 0.25 M N-acetylglucosamine in preparative The reducing terminal is pyridylaminated for FAC analysis. Symbols used to represent pyranose rings of monosaccharides are shown in the box at the bottom of the figure. Anomeric carbon, i.e., position 1, is placed at the right side, and those of 2-6 are placed clockwise. Thin and thick bars represent -and -carbons respectively. affinity chromatography, as described above. However, the expected affinity for chitotriose and chitotetraose (nos. 44 and 45) was not demonstrated in the present FAC analysis. It may be speculated that BLL recognizes primarily the dual terminal GlcNAc residues linked to mannose core saccharides.
A similar analysis revealed the rather complex specificity of ACL. Affinity for oligosaccharides nos. 11 and 12 was so strong that no complete elution of these oligosaccharides was achieved, as shown in Fig. 2 . Hence the Ka values were not determined. The results also indicated that ACL shows weak affinity for oligosaccharides nos. 5, 7, 8, and 9, with different Vr values (Fig. 2) . Other glycans showed no significant affinity for ACL. Thus ACL had strong affinity for triantennary oligosaccharides with terminal galactose residues and no affinity for tetraantennary structure. The addition of a bulky oligosaccharide chain to the triantennary chain might cause steric hindrance for the lectin to bind the resultant tetraantenary structure. It has been reported that pea lectin can bind to fucosylated triantennary chains, but not to fucosylated tetraantenary chains. 9) In addition, ACL showed weak affinity for an agalacto structure of the biantennary chain (no. 5), presumably through inner mannose residues, but no affinity for bisecting structure no. 6, in contrast to BLL. ACL was prepared by elution with 0.5 M methyl -D-mannoside from the affinity column, and interaction with p-nitrophenyl 1-thio--D-mannoside has been demonstrated. 5) These findings suggest that ACL recognizes complex structures containing inner mannose residues.
In the present study, FAC failed to reveal affinity between WJL and the 47 oligosaccharides examined. WJL appears to belong to a galactose-specific lectin family.
5) The inhibition test for erythrocyte agglutinization revealed a very low affinity for the -D-galactosides, 5) suggesting that the lectin recognizes an as yet unidentified galactose-containing structure present in porcine plasma glycoproteins.
The agalacto structure of the biantennary chain has been found in BM-40/osteonectin from the human Fig. 1 . For the sake of convenience, the elution pattern of each glycans is overlaid with that of pyridylaminated lactose (No), which has no affinity for either lectin, providing the negative control. Ordinate, % of plateau; abscissa, min. The Vr value (ml) is shown under the elution profile of each glycan. embryonic kidney cell line EBNA-293, whereas that from three other sources examined was devoid of this oligosaccharide structure. 10) Increased expression of highly branched N-glycans at the cell surface has been correlated with malignant phenotypes of mouse tumor cells. 11) As exemplified by these findings, there is a variety of alteration in the oligosaccharide structure of glycoconjugates in association with development and various pathological conditions, including malignant transformation. BLL and ACL with rather unique carbohydrate specificity should be useful to study such alterations.
Our previous studies 4, 6) demonstrated that BLL induces apoptosis in human leukemia U937 cells, whereas ACL and WJL do not, as described above. Also, we observed the aforementioned differences between ACL and WJL in stimulatory activity for IL-8 production in Caco 2 cells.
6) It should be interesting to examine how the differences in carbohydrate specificity are related to their biological activities.
